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Abstract. The research has been carried out on twenty normothermic mature shorthair dogs 
admitted for major surgery. Group I were infused with amino acid mixture and group II with Ringer 
lactate. Esophageal and rectal temperatures were recorded during perioperative period, for about 130 
minutes. The purpose of the present study was to evaluate the efficacy of amino acids mixture infusion 
for prevention of hypothermia development in anesthetized dogs undergoing major surgery. In the 
amino acids-treated group the body temperature was maintained over critical values, and the moderate 
decrease in temperature was well tolerated. 
 




Perioperative hypothermia is by far the most common thermal disturbance induced by 
anesthesia. Available data suggest that anesthetic agents cause the reduction of metabolism 
and heat production by 30-50% in man (Brismar et al., 1982). Hypothermia has both long and 
short-term adverse effects on individuals recovering from surgical interventions and leads to 
numerous complications, the most important being coagulation abnormalities, morbid cardiac 
events, a decreased resistance to surgical-wound infection, post-anesthetic tremors, and a 
decreased metabolism of most drugs, including anesthetics (Armstrong et al., 2005; Frank et 
al., 1993; Kurtz et al., 1993; Sessler, 1997; Waterman, 1975). This decreased metabolism 
prolongs the postoperative recovery period (Sessler, 1997).  
Thermal care during perioperative period was focused on warming devices 
improvement which prevents the heat loss because actively warming of the patients during 
surgery is considered the best method for hypothermia prevention. Allen (1896) confirmed the 
tendency of the etherized dogs to become hypothermic at room temperatures of 18-24°C but 
he also demonstrated that the fluctuation in temperature could be reversed by the external heat 
application or maintenance at room temperature of 34-36°C.  
Other efficient methods were administration of IV warm crystalloids fluids or 
solutions having the capacity to stimulate the heat generation. Less attention has been paid to 
prevent the development of anesthesia induced hypothermia using stimulation of heat 
production. It is well known that all nutrients raise resting energy expenditure by the 
mechanisms of nutrient-induced thermo genesis, phenomenon which starts immediately after 
oral or parenteral administration and reaches a maximum after 1-2 hours (Sellden, 2002). A 
series of studies made on humans have demonstrated an increased thermic effect of amino 
acids infused during anesthesia. (Sellden and Lindahl, 1999; Sellden et al., 2000). For 
veterinary medicine it supposed that same mechanism is involved but only few studies in 
which the amino acids were used to prevent anesthesia-induced hypothermia have been 
reported (Fonda and Bergadano, 2000). 
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The need to find reliable, low-cost and suitable for field anesthesia alternatives to 
existing thermal care protocols, are necessary. The purpose of the present study was to 
evaluate the efficacy of a 17 amino acids mixture infusion to prevent the development of 
hypothermia in anesthetized dogs undergoing abdominal surgery. 
   
MATERIAL AND METHODS 
 
The research has been carried out on twenty normothermic adult shorthair dogs (14 
male and 6 female, weighing between 15 and 32 kg) admitted for gastric surgery.  Dogs were 
confirmed to have ASA II based on diagnosed disease and by results of physical examination, 
CBC, and serum biochemical analyses performed before surgery. Following preanesthetic 
evaluation each dog was randomly assign to one of the two groups: group I (experimental) - 
amino acid infusion – Aminoven 10% (Fresenius Kabi AB, Sweden), 10 ml/kg, 16.8 kJ/kg, 
and group II (control) - placebo infusion, Ringer lactate in same volume prewarmed to about 
37°C. An over the needle catheter was inserted in the cephalic vein and used for infusion of 
amino acid solution, saline solution and anesthetics. The infusion of entire quantity of 
solution was completed with 10 minutes before premedication. The ambient temperature in 
the operating room ranged from 21°C to 22°C. Each dog was premedicated with 
acetylpromazine maleate 2% 0.04 mg/kg and ketamine hydrochloride 10% 5 mg/kg IV. 
Anesthesia was induced with sodium thiopental 2.5%, 5 to 8 mg/kg IV, followed by tracheal 
intubation. General anesthesia was maintained with 1.5% isoflurane in oxygen. Heart rate, 
respiratory rate, systolic, diastolic and mean arterial pressure, oxygen saturation (pulse 
oximetry), and end-tidal CO2 were monitored and measured during surgery procedure using 
Cardell 9405 monitor.   
Esophageal (ET) and rectal temperatures (RT) were recorded at ten-minute intervals 
during whole anesthetic period and for 30 minutes after the end of surgery (T0-T130). Core 
temperature was measured with a flexible vinyl thermistor placed in the esophagus to the level 
of the right atrium. Thermistor position was confirmed by fluoroscopy. The rectal thermistor 
was inserted about 10 cm into the rectum. 
For statistical evaluation ANOVA test was used, data were reported as mean values 
and standard deviation. Significance was set at p<0.05 for all statistical results. 
 
RESULTS AND DISCUSSIONS 
 
The mean RT decreased in booth groups, to a minimal value of 36.88±0.20 in group I, 
and 35.71±0.44 in group II reached at the end of surgery. The RT was significantly lower on 
control group compared with experimental group; this mild hypothermia begins on 10th 
minute after the start of surgery (p=0.001) until the end of surveillance period (Tab. 1). The 
decrease of RT is caused by pharmacologic agents used in premedication. Phenotiazines and 
barbiturates can induce hypothermia by impairment of central thermoregulation (Walton, 
2001) and by inhibition of thermoregulatory peripheral vasoconstriction (Sessler, 1993). 
Warming intravenous fluids alone in group II, didn’t back up the normothermia because they 
can not compensate redistribution hypothermia, much less from the skin and from within 
surgical incision. Despite the effect of premedication on thermoregulation, in amino acid-
treated group, the mean RT remained relatively stable over the first 50-60 minutes of surgery, 
as result of amino acids infusion.  
ET was significantly reduced in control group during all surgery period (Tab. 2). At 
the end of surgery ET reaches 36.6±0.27 on group I and 35.6±0.47 on group II (p=6.63964E-
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05) showing that the body temperature were significantly less maintained when any warming 
methods were applied.  
Tab. 1 
Rectal temperature (0C) evolution during the study time 
 
Experimental group I 
(n=10) 




mean st. dev. mean st. dev. 
T0 - before anesthesia 38.96 0.29 38.53 0.40 
T10 - at 10 minutes after premedication 38.6 0.36 38.47 0.59 
T20 - at 20 minutes after premedication 38.25 0.38 38.22 0.53 
T30 -  start of surgical intervention 38.04 0.35 37.98 0.42 
T40 -  at 10 minutes after start of surgery 37.76 0.32 37.27 0.43 
T50 -  at 20 minutes after start of surgery 37.58 0.30 36.9 0.38 
T60 -  at 30 minutes after start of surgery 37.4 0.30 36.47 0.53 
T70 -  at 40 minutes after start of surgery 37.25 0.23 36.24 0.46 
T80 -  at 50 minutes after start of surgery 37.08 0.20 36.05 0.50 
T90 -  at 60 minutes after start of surgery 36.98 0.16 35.86 0.41 
T100 -  end of surgical intervention 36.88 0.20 35.71 0.44 
T110 -  at 10 minutes after the end of 
surgery 36.95 0.24 35.77 0.45 
T120 -   at 20 minutes after the end of 
surgery 37.06 0.26 35.82 0.35 
T130 -  at 30 minutes after the end of 
surgery 37.16 0.24 35.94 0.30 
 
Core body temperature can be measured rectally, esophageally, tympanically, or from 
a central intravenous catheter equipped with a thermistor (Walton, 2001). At the experimental 
group between ET and RT the differences are significantly even at the beginning of the 
surgery and they remained so during all the surgery period, ET being lower then RT. Similar 
results were found in control group too, with the exception of the start and at the end of 
surgical intervention when the differences were insignificantly (p=0.716, respectively 
p=0.169). Values of ET in group II shows that intraoperative hypothermia is difficult to be 
avoided, because along with general anesthesia the environmental exposure of organs is 
acting too. The lowered ET values measured are as result of cooler blood which returns to the 
thoracic cavity from the exposed stomach and bowel during the surgery, and by heat loss 
associated with the proximity of esophagus with cooled trachea during the gaseous exchange 
from inhalatory anesthesia. In this situation arise the question if RT provides reliable values 
of core body temperature in these conditions or rather reflect the shell body temperature. 
Superior values of RT recorded in this study can be explained by initial heat redistribution 
from core to periphery caused by anesthesia-induced inhibition of thermoregulatory 
vasoconstriction (Imrie and Hall, 1990) and by nutrient-induced thermogenesis mechanism 
(Sellden, 2002) which was demonstrated to happen primarily in the peripheral tissues (Aksnes 
et al., 1995). 
The present study demonstrated that preanesthetic infusion of amino acids maintained 
body temperature over critical values, and the moderate decrease of temperature was well 
tolerated. Our results are in accordance with those of Fonda and Bergadano (2000) that also 
used an amino acids solution for perioperative thermoregulation. Their solution had a larger 
number of amino acids in mixture but comparable energy share - 17 kJ/kg. Registered 
differences can be explained by different types of surgery, orthopedic and perineal, in that 

















































In normothermic short haired dogs submitted for major surgery, the infusion of amino 
acids before premedication prevents dangerous reductions in body temperature during 
perioperative period. 
The decrease in body temperature was more pronounced and significantly in the 
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